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TABLE OF SYMBOLS 
Averace axial strain in svecimen obtained from 
strain gauces, micro inches/inch., 


Average circumferential strain in soecimen ob- 
tained from strain gauges, micro incheg/inch,. 


Average maximum strain in the specimen optained 
from strain gauges, micro inches/inches, 


Average minimum strain in the specimen obtained 
from strain gauges, micro inches/inch, 


Lateral strain in the calibration bar. - VE - 
micro inches/inch., 


Average axial strain in svecimen obtained from 
strain gauges and corrected for lateral sensi- 
tivity, micro inches/inch. 

Average circumferential strain in specimen ob- 
tained from strain gauges and corrected for 
lateral sensitivity, micro inches/inch, 


Average maximum strain in specimen corrected for 
lateral sensitivity, micro inches/inch, 


Average minimum strain in soecimen corrected for 
lateral sensitivity, micro inches/inch., 


Average longitudinal strain determined from sev-~ 
eral calibration bars, micro inches/inch. 


Young's Modulus, 

Time of loading specimen, seconds, 

Temperature of coatine surface during test, deg, F, 
Number of particular grade of Stresscoat used, 
Deviation or E - Ensy, micro inches/inch., 

Percent deviation or (100) (E - Eyay)/ (Emax)» % 


Percent stress deviation, (Spar - Smax) (100)/Smax. 
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TABLE OF SYMBOLS 


Maximum stress in the specimen, psi, 
Minimum stress in the snecimen, osi. 
otress indicated by calibration bar, psi. 
Poisson's ratio. 


Poisson's ratio of steel on which strain gauges 
were calibrated, .285. 


A constant with value of .021 for tyne A=-3 strain 
gauces, 
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Results 

It was found that more strain was required to produce 
a crack vattern under tensile load than was indicated by 
the calibration bar. The opnosite effect was observed 
when the specimen was subjected to internal pressure, The 
presence of crazine decreased the sensitivity of Stresscoat, 
The presence of a strain crack pattern in one direction has 
a yet unexolained effect on the sensitivity of Stresscoat 
to failure in a verpendicular direction, 
Object 

The purpose of this investigation was to exnand the 
limited knowledge of the behavior of Stresscoat when sub- 
jected to a biaxial stress condition different from that 
stress condition existing in the callbration bar and to core 
relate the information obtained in such @ manner that more 
precise quantitative determinations are possible, tor the 
venefit of future experimenters in this field an attempt 
was made to analyze any peculiarities in the behavior of the 
Stresscoat which were observed, 
Procedure 

The actual strain on the surface of a hollow cylindri- 
eal test snecimen was determined with strain gauces when 
the surface of the vessel was subjected to different combin- 
ations of two-dimensional strain, These combinations of 
strain were produced by applyinse axial loadins and internal 


pressure to the specimen, The strains causine a crack 
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pattern in the Stress-oat apolied to the test specimen in 
the vicinity of the strain gauges were compared witn the 
strains indicated by the calibration bars. 
Conclusion 

The deviation between actual strain and tne strain 
indicated by the Stresscoat may vary from zero to thirty 
percent devending upon the ratio of minimum strain to the 
maximum strain in the specimen. ‘¥hen strain, indicated by 
Stresscoat, is used to calculate stress the deviation be- 
tween actual stress and calculated stress is reduced to a 
Maximum value of approximately fifteen percent. 
Recommendations 

Further investigation of the benavior of Stresscoat 
should be conducted under controlled atmosohseric conditions, 
Anoaratus should be desirned by which axial load and inter- 
nal oressure may be anolied uniformly and simultaneously to 
the soecimen, to facilitate handling the creen characteristic 
of Stresscoat at all values of Smin/°max* Evaluation of 
Poisson's ratio and the modulus of elasticity of Stresscoat, 
combined with tne values of strain for various values of 
Smin/Smax Would allow the determination of the tneory of 


failure of Stresscoat, 
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Stresseoat is the latest widely known development in 
the field of brittle coatings used for stressestrain analy- 
sis of the component parts o structures, ‘nen a base mate 
erial is subjected to a progressively increasins stress, 
the distortion in the base material will eventually cause 
any brittle coatins adhering to its surface to fail by 
creckine. In most coats these cracks occur in a direction 
perpendicular to the direction of the principal strese, If 
the base material is subjecte? to such large strecses that 
its yield noint is exceeded and very large amounts of @is- 
tortion occur, the brittle coating will flake or ssawl off. 
Ome of the early observed instances of this sienomenon was 
the cracking or flakines off of mill scale on structural 
members under load, THe plaees in the etructure where this 
breakdown of scale first occurred were points of weakness 
or stress concentration. ‘arly investirators also noticed 
that the presence of a coat of white-wach on structural 
members increased the ease with which a failure in the mill 
scale could be observed, Cracking and snawlinge of bitumas- 
tic enamel used on shipboard was another early examole of 
thie yonenomenon, Attempts to utilize tnese observations for 
quantitative measurements were unsuccessful, 

The search for a brittle coatine which would be capable 
of denendable quantitative, as well ae qualitative, interpre- 
tation continued in the United Ctates and other countries 


(oprinecloally Great Britain and “ermany). any substances 
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such as sugar, sulphur, plaster of Paris, and various resins 


were tried. The late Professor A. V. DeForest of dAssachu-~ 


setts Institute of Technology did c-nsiderable orelininary 


work which contributed to the final development of the pre- 


sent day Stresscoat. He tried various methods of coating 


apolication as well as types of material for the coating 


1t self, 


Be 


Mir e 


The methods of application investigated were: 
Govering the surface with voowdered material which 
was subsequently heated until it melted to form 

a continuous coat, 

Brushing, dipping, or spraying the molten coating 
on the base material, 

Brushing, dipping, or spraying the coating, dis- 
solved in a solvent which evaporates as the coating 
assumes its brittle condition, 


Greer Ellis (&) in 1937 determined the composition 


of a brittle lacquer havines those characteristics which made 


it ideal for qualitative and quantitative strain indicating. 


The desirable characterists ere: 


Se 


ey 


Ability to fail by crackine due to strains within 
the elastic range of most engineering materials. 
Crack sensitivity fairly independent of coat 
thickness. 

Ability to dry to brittleness, within a reasori- 
able length of time and at normal temperatures, 
Aopearance of cracks should be easily discern- 


ible, 
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This brittle lacquer is currently known, commercially, as 
stresscoat. It is manufactured and distributed by the 
KMagnaflux Corporation, It is excellent for qualitative ex- 
perimentation and the manufacturer claims that quantitative 
results obtained from tests conducted under controlled load- 
ing and atmospheric conditions are accurate within about 10%, 
4 calfbration bar is employed to interpret the results 
obtained when using Stresscoat, The bar is secured at one 
end only ina jig so that it approximates a cantilever beam, 
The specimen under investigation and tne calibration bar are 
sprayed and dried under identical conditions, After drying, 
the specimen is stressed and the free end of the calibration 
bar is depressed a known amount in the jig. This produces 
&@ known stress and strain in the bar varying from zero at 
the free end to a maximum value at the fixed end, Cracks 
aopear in the Stresscoat over that portion of the bar in 
wnich the strain exceeds the value which will cause failure 
in the particular coating involved, Current practice is to 
assume that the strain under the last crack toward the free 
end of the bar is the same strain which exists under the 
first crack to appear in the sStresscoat on the specimen, 
The validity of this assumption is open to question because 
the calibration bar is subjected to uniaxial stress with a 
constant ratio between the orincipal strains produced; while 
a material under investigation may be sudjected to any of an 
unlimited number of biaxial stress conditions, each causing 


a particular combination of two or three dimensional strains, 


~ he a [ erutsaluowe 6h fT lees eet 









eed seve lina & shleuteusyow J! Jails wt gi 2 oF Wan See ; 

} O%e tap neliertdifes Mit Dee oo iamkeeevil Setee nemtonge ogy 
AUTON 39K ENGL ITN Duottoesl wotaw BetD toe Saxanos 

| ould@rdtlae edi we Sns 998) otf Sh Ruaweas wt asatonsy ec 
WeeTOTT RENT BS) we? AT num iwoit & Seeweioed 1 208 
Me ORE GONE Bete ted an? Wt nites bw sooty erp oe 
MAST «dae bea tt etd Sx euler Kwehcey wf OY Giro pew? aus 

(| AP Mad eld Yo woRty pg Saal ae¥0 Jevcabordd Kd at agence 
em lie) ssuar [ity tiie evtay «ci sreesks mlevis wi) dbune 
Sf ef sottuerg cnet «wt fovet yilzbes talvoliieq Gm nt 
eer) ad? Stewed Yegw Inet ahr cohuy bieia ett ters eauhhe 
eid ein wie te Uetie wtaete emee ead ot Yad os Se tee 
apelin GH We feeoenerds on3 HL <nbrte 62 det tort 
ahesow! GColswer a cence af anti wuveks SIRt x yripeley em 
© Gifv eset tptaaiae of hesperdur st 40 WOLIerOtle> edd 
Sfiue {demutory wetagte Gwitbnl4h ohn néastad Atse2 sdadyencn 
me To’ (el OF Bedintvius OF Gan Melstatiaetit Sandy Letreioe 
Animus Aas weweFstonod Abts Ehicadd is voWeue dettortng 
AeteTTn Laroteveath comic 40 mat to potsseioacd taluotirag * 





L—<-_ 





Only a limited amount of work investirating the behav- 
lor of Stresscoa’ under biaxial stress has been done and 
very little has been published, Eric Olsen (11) in 1941 
investigated the accuracy of quantitative Stresscoat deter- 
Minations when the specimen was subjected to a two-dimensional 
strain condition different from that existing in the cali- 
bration bar for a few snecific two-dimensional strain con- 
Gitions,. It is the aim of this report to further develop 
the investigation in this field by conducting enough con- 
secutive tests in each of a few particular conditions of two- 
dimensional strain so that some knowledge of the magnitude 
of the deviation between the calibration bar indicated 
strain and the actual strain in the specimen may be learned, 
During the course of the exneriments various pecullar- 
ities of the general behavior of Stresscoat were observed, 
Althouen this information was secondary to tne orivinal 
purvose of the investication it hae been recorded and dis- 
cussed because it was felt that it may be of value to those 


who will continue with further work in this field, 
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PROCEDURE 


The first step in the investigation was to select a 
test specimen in which at least two different conditions 
of biaxial stress could be set up. The soecimen used was 
a thin walled tube of low carbon steel which was made into 
a pressure vessel by welding forged vlugs into each end. 
The outboard ends of these plugs were machined to fit a 
self centering attachment on the tensile testing machine 
used. The end plugs were drilled and tapned to receive 
high pressure copper tube and fittings for applying the 
internal oressure to the test svecimen. Four SR-4 electric 
strain gauges were affixed at equal intervals around the out- 
side of the tube far enough from the ends to eliminate end 
effects. Two of these strain gaures were circumferential 
and two were axial. The rauges in the same direction were 
placed on opposite sides of the snecimen,. The dimensions 
and composition of the snecimen were chosen to give strains 
applicable to Stresscoat investigation, within the elastic 
limits of the material and the canacity of the loading 
devices, 

The second step was the mastery of Stresscoat and 
strain gaure technique, About six weeks were consumed before 
it was felt that enough voroficiency had been gained in an- 
olyine Stresscoat, controlling conditions during the drying 
and testing, and observing the first cracks to produce re- 
liable data. During the early vart of this educational 


period, an attempt was made to learn by exverience, but the 
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detailed instructions published by the manufacturer (16) 
were carefully studied prior to taking the data incornorated 
in this report, Such a course was considered to be most 
conducive to observing as many of the characteristics of 
stresscoat as possible, The Stresscoat was applied in a 
special spray booth in the basement of the Institute and 

the drying took place in the DeForest Memorial Stress Lab- 
oratory. ‘The pressure runs were also made in the Stress 
Laboratory, but the tensile runs were made in the katerial 
Testing Laboratory of the Institute, 

Anticipation of atmosyneric conditions, which would 
exist twelve to twenty-four hours after the apolication of 
the coat, was required in choosing the proper grade of 
lacquer, ‘Tne grade chosen should fail at a practical value 
of strain, but should not be so sensitive as to craze during 
the drying period, The choice was made with the aid of a 
chart orovided by the manufacturer, oDAfficulty was encoun- 
tered in obtainine sufficient sensitivity for the tensile 
runs without the occurrence of crazing due to the large and 
rapid fluctuation of the temperature in the Institute during 
the night. This problem was defeated by covering the speci- 
men and calibration bars with a large cardboard enclosure 
during the drying veriod, A lighted electric bulb inside 
this enclosure served to keep the coatings at. a sufficiently 
high temperature to prevent crazing, Several times it was 
necessary to artificially cool the coatings in order to ob- 


tain cracking at a practical value of strain. The specimen 
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and the calibration bars were maintained at the same con- 
stant temperature during each test. 

Although an attempt was made to load tne snecimen in 
as short a time as possible, the time of loadine varied from 
thirty seconds to three minutes, The creen of the coating 
during a finite loading time was an additional important 
variable. As the time of loading increases the sensitivity 
of the coat decreases, If the time of loading is long 
enough, formation of the crack pattern may never occur, 
This creeo phenomenon must be considered if the correct 
internretation of the test results is to be obtained. This 
ls accomplished either by loading the calibration bars 
gradually in the same period of time as the svecimen was 
loaded or by loading the calibration bars in one second and 
then aoplying a creep correction factor. This correction 
is made by utilizing the creen correction charts furnished 
by the manufacturer, Six calibration bars were used for 
each run and three were loaded in each of the ways described 
above. 

The pressure runs were made with the snecimen freely 
supported by the ends in a wooden cradle. The hydraulic 
pump, used to supply the water voressure internally to the 
speciren, was of the jack type. It was egquinved with a 
oressure raure which allowed a rough estimate of the intern- 
al pressure, and also permitted us to control the rate of 
load anovlication, The tensile or axial loadine runs were 


made by pulling the soecimen in & conventional tensile 
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testing machine, The pressure gauge and the beam balance 
readings were not essential to the data as the strain gauges 
orovided the actual strains on the surface of the specimen, 
It was necessary to correct for lateral sensitivity of the 
SR-4 a RaAuges. 

A total of twenty-seven runs were made on the test 
soecimen, but the data of runs seventeen through twenty- 
seven was considered to be that which represented the best 
technique, and consequently only these eleven runs were 
used, 

It was considered of interest to investigate the effect 
of the vresence of se crazing on the behavior of the 
Stresscoat. An experiment was attempted using six cali- 
bration bars, three of which were artificially crazed by 
exposure to a low temperature for a short period of time, 
while the other three were maintained with a clear coat. 

The bending test was applied to these bars after all six 

of them had returned to the same temperature and had re- 
mained at that temperature for about one-half of an nour, 
Time loading of these bars was used because the progress of 
the cracks could be followed on the crazed bars with more 
ease and accuracy than would be the case if a one second 
load were applied, 

After each tensile crack pattern had been formed on 
the specimen, and an interval of time exceeding twice the 
time during which the load was applied and held had elapsed, 


the specimen was subjected to a pressure run. The results 
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of these runs indicated the desirability of further investi- 
gation of the nature of cracking of Strescecoat in a direction 
perpendicular to cracks already produced on the specimen by 
a Te test. Therefore, a fifteen inch square of cell- 
uloid one-eighth of an inch thick was coated with Stresscoat, 
After drying, this flat plate was secured by one edge ina 
cantilever fashion and the onvosite edge was depressed a 
certain distance in a given leneth of time, After allowing 
time for the creep recovery of the Stresscoat, the plate 

was turned ninety degrees and the identical experiment was 
reneated, The nature of the total crack pattern was then 
observed, 

An investigation of the conformance of the calibration 
bar to beam theory and Poisson's ratio effect was made by 
checking the lateral strain at various points along the bar 
with SR-4 strain gauges, 

The strain gauge readings and axial load or internal 
oressure at the anvearance of the first crack in the coating 
on the specimen were recorded, The strain corresponding to 
the last crack on the calibration bars was taken as the cal- 
ibrating strain, A flash light focused verpendicular to the 
anticipated direction of the cracks was a necessary aid in 
catchine the first crack. The actual strains were compared 
with those indicated by the calibration bar, The deviations 
of the calibration bar strain from actual strain for the 
pressure and tensile runs were compared. For the tests in- 


volvinse the calibration bars alone the results occurring 
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under different types of treatment were compared, All com=- 
parisons were straight forward and involved no complicated 
computations. 

For a detailed descrintion of the equipment used see 


Appendix A, 
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- fable 1 


Internal Pregsure AnpplieA to 


“un “e Ne Cm in 
NO. “ESaX 
17 206 835 .247 
18 252 
19 1300 445 293 





20 203 B30 oer G52 22 2e7 71.5 
2h. 200 S54 .2 924 390 19,1 71.0 1208 
Averare value: e252 10.6 
cabre 1 
ssfial Tensile Load Anplied to “ylindrical Specimen 
aun 5 © x; D £>D 8 6t T foLrecse 
Ue ® . iB . eat 
at 362 “175 +.268 595 - 57 - 8.6 65 76,0 1208 
aT G42 -182 «284 S80 - 62 = 9,6 55 74,6 L207 
Average value: ~<-,293 “15.9 
TRD TI 
Axial “enalle Lo#ed Anplied to Cylindrical S»cecimen 
( Stresseoat on Specimen was Crazed ) 
Run e S A D AD Ta otrease- 
Ne 5 : xan Coat 
25 568 «179 -.315 560 +8 “1.4 35 76.5 1208 
28 675 125 =-,2f4 600 -75 “11.1 30 7565 1208 


Kyerace yalue: =~». 300 


GOO 
9353 1735 22,2 
490 


a aD t Fa 


55 78 225 66.0 
47 10.6 40 73.5 
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Table IV 


Internal Pressure Applied To Cylindrical Specimen 
After Crack Pattern Had Been Formed Sy Tensile Load, 


Run Be Ee min © D %°) t Tq #5tress- 
ND. ax coat 


23a 134 #£«5§92 227 510 -82 «13.6 25 $70.5 1207 
24a 138 606 .228 590 -16 + 2.6 25 76.0 1208 
27a 170 #637 #«»«46267 +545 -92 -14.4 35 #£=74.0 1207 


Averare value: e224) -10,2 


Tazle V 


Internal Pressure Azolied To Cylindrical Specimen 
‘Kfter Crack Pattern Had Been Formed By Tensile Load, 
Stresscoat  n Svecimen Bas Crazed ) 


Run Eo Ee Epin = D £D t T  #Stress- 
ND, Crax coat 
25a 1440 512 .273 560 48 ‘9.4 28 76.5 1208 
26a 132 0=—s« 833 «2070 s 808 eH 4.005575 SS 1208 
Averare value: » 240 2.7 

Table VI 


TInvestication Of Crazing And Its “tffect. On The 
Sensitivity Of Stresscoat As Aoplied To The 
Calibration Bare, 


Bar No. ‘Condition Sengitivity ' Time Temp. 

of Coat 10- in/in. SOC. Pah, 
l clear 6&0 30 72.5 
2 clear 620 50 72.5 
3 clear 630 30 72.5 
4 crazed 780 30 72.5 
% erazed 820 30 72.5 
6 crazed 850 30 72,5 
t clear 700 30 72.5 
8 clear 630 1 72.5 
9 clear 620 1 72.5 
10 clear 600 L 72.5 
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Summary of Bisxial Stress Conditions 


E —_ = S s; 
pe Hp “9 in/“max 
-1.0 3639 -1,0 
-0,295 1,00 0.0 
0.25 -~0,849 0.5 
1,0 ~3.39 1.0 
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~24 4% 
als, 
10,6 
29,0" 


e/i = -,295/1 = ~,295 


* From Oleen's (11) data, 
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RESULTS 


(1) When pervendicular strains are in the ratio of 4 to l, 
about 10% less strain is required to produce a crack 
pattern on the svecimen than was indicated by the cal- 
ibration bars. (See Tnble 1) 

(2) When veroendicular strains are in tne ratio of 3,4 to 
-l1, about 16% more strain was required to produce 4 
erack pattern on the snecimen than was indicated by 
the calibration bars. (See Table ITI) 

(3) The presence of crazing in the Stresscoat prior to strain- 
ing the coat to failure has a definite effect other than 
that of makine the erack pattern difficult to observe, 

a. Tests with several calibration bars indicate that 
the presence of crazing decreases the sensitivity 
of the coat about 25%, (See Table VI) 

be. Actual exneriments with the sosecimen indicate that 
erazine does decrease the seneitivity, however, too 
few experiments have been conducted to give an ap- 
oroximate percentage decrease in sensitivity. 
(See Table ITI and Table Vv) 

(4) ‘The presence of strain cracks in one direction prior to 
etrainine the coat to failure in a peroendicular direction 
has a definite effect on the sensitivity of the xstresscoat. 

a, When peroendicular strains are in a ratio of 4 to l 


and straining to failure has been previously obtained 
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(4a) cont', 


Be 


in the minor direction, 1. has been found that 
about 10° more strain is required to proluce a 
erack pattern on the snecigen than was indicated 
by the calibration bars. (See Table Ty) 
Experiments, conducted with a 15 inch equare plece 
ef celluloid loaded as a cantilever bea: to a 
certain deflection in one direction and then to 
the same deflection in the same leneth of tise in 
a direction perpendicular to the first test, ine 
Gicated that a erack nattern in one direction nad 
Little if any effect on the formation of a crack 
pattern at right angles to the oririnal pattern, 
Of four tests made in thie manner every one ine 


dicated identical sensitivity in eitner direction, 
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From PAuTpeeetsion Bar Reaows 


| 
(Emin / E.a0)/ (e/E) 
January le 1Aae HA. W. Dannevin 
AE. Francis 





Ee 


is Oo Lo 2.0. 
roe = = fens 
4 he — ee =a 


| 

| 

fe BUSS eo pr 
| | 





ne | i mics i 
a (DD. 
. 
Ps + = = 
{ 
+ = -- -=}* & ~20._ 
i < 
et 
tome cs — a v2 | 
- 50. a | 


es 
>. 
i 
| 
| 
} 
\ 
t 
eee eee 


Hho I i See eet i eOoS at er 





DISCUSSION OF RESULTS 


General 


Conclusions concerning the overall trends of the be- 
havior of Stresscoat are the only ones wnich can be drawn 
from the results which have been presented. The lack of 
facilities for controlling atmospheric conditions rendered 
it impossible to obtain even two identical runs, The tem- 
perature, humidity and rrade of Stresscoat used were con- 
tinuously varying throughout all runs. Therefore, it was 
impossible to comvare the results of runs excent for dis- 
cerning a general picture, Results of specific comparison 
value can be obtained only by varying a sinele condition 
influencing the behavior of Stresscoat while other influe 
encing arents are maintained constant. Desirable results 
may be obtained either by making all tests in a room where 
the temperature and humidity are controlled or by running 
such a large number of tests that the required number of 
ident.ical runs occur by coincidence, Lacx of facilities 
prevented using the former method and lack of time prevented 
using the latter, 

Although Stresscoat used in the field by an exveri- 
enced operator may in some cases sive accuracy within the 
limits required by engineering practice, the desirability 
of spendine much time on investiration of its behavior 
relative to the various elastic ‘heories is questionable 
unless more adequate facilities for exverimentation are made 


available, 


22 


SYMETE NO HOjsEONT I 
’ 1 6 Jee 
o> fee) ome ott 


"Ss Sit Io abmery Liegevo ed? xatmteemos eastanipacn 
muna SF fimo Katte Abno sno add Bra “taconete To rotved 
Te dvet edt =. bagneagry RO ENRE Se Ae er 
berelers Bwolitinos ofietosomia gntilertnes 1 eolstitoey 
“mes any) =6ant Lup tinent owe nove mtasdo of eidlescomt If 
“Bop aye Seay smoomnh VE te hers Baa ys tbtmusl OTST IE 
Pow JL yeTotesenT = .onwt Lie Syorauoutd aolytev ylawounts 
-aih} wel Josnce eavt To et luecr air erermes of aldiesoqmt 
heatraqmsn SF tiabce tc abluset ,ewinio Llavehes « aatereo 
AGLA i teras aigocs # sofyiev yo wlno berlaido "7 mae ey ley 
-“ilatl 2eiJjo olhdw Niemen to salvaried ont antoneultni 
stivaer wideitoel § .inasatoo feslisinten ow novena elem 
Sree Bot a ml efasy (iH waltee yd eridte bantasis ed yan 
soltuwy yo te belionJwop ewe _ysihinud Ena wtulersomes ane 
io erm bestnpes Wii Jens eleas Vo Tedmua eqral « doh 
eS foal Ye 4061 ,Gonehinnton yd waooe anu Lent inet 
Sevueverq sels Te aoel bua Beever seme? e683 anigu bojnewnse 
ewedtel eft gale 
-itecke ne qc Sisk) end wt Baa Jacogaerse Mason) LA 
=) migite yormetae evis easos eeow a2 tan TOUBTECO Doows 
Wilivwiise® ea) ,Sxhdsevc sot edn bane Yd Detiopes etpnts 
2 iVatied act Te teat lacunt Mc Sel' Hove ysl onene BO 
Sociniteeun at selyoet! wivacsre burdaer ei oF avisales 
Slee wie wo! suenectvecee Tol esivtiioss Siayeeta erce S65 Srv 


.Ploesteve 





The lack of temperature control also caused difficulty 
in maintaining equality of temperature between the specimen 
and the calibration bars, if the room temperature changed 
during the test. The difference in mass made the bars change 
in temverature much more quickly than the snyecimen did, 

This situation required artificial heating and cooling and 
often delayed runs annoyingly. The coatings, esoecially 

the more sensitive ones, were very susceptible to even small 
changes in temperature. A drop of two degrees in temnerature 
may change the strain indicated by the lacquer of the order 
of one hundred micro inches, 

No attempt was made to correlate stress with strain 
for any one run, The length of the soecimen tended to re- 
duce any deviation from pure axial loading during the tensile 
runs, but the slirht disagreement between diametrically 
opposite strain sauges indicated some anzularity of loading 
or local discontinuity of wall thickness. A slircht dis- 
erenpancy in strain gauge readings was also present during 
pressure runs. This disagreement was probably due to the 
bending of the specimen in the cradle, as the cracks in the 
coating anneared first on the bottom of tne svecimen, where 
the wall was subjected to tensile bendine stress in addition 
to the stress from internal voressure, These conditions and 
some variance in the position of the specimen during the 
successive tests account for the occurrence of different 


strains in one direction when the strains in the perpendicular 
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direction were equal, ‘Consequently, strains, computed from 
the loading and specimen dimensions, erred from actual strains 
observed in the specimen by as much as ten percent. The 
marnitude of strain was obtained independently by the strain 
gauges, The values of axial load and internal pressure were 


used merely as an aid in apolying the load uniformly. 


Two-Dimensional Strain 

The results obtained, combined with information deter- 
mined by Olsen (11), give a rourh overall victure of how the 
marnitude of the deviation of the calibration bar strain from 
the actual strain varies as the ratio of the two-dimensional 
strain varies from positive to negative unity. The internal 
pressure tests of this report "min/"max = .e5 and the Olsen 
(11) hollow sphere test Emin/Emax = 1.0 indicated that as 
the ratio of Enin/Emex increases in a positive direction the 
amount of strain necessary to cause failure in the coating 
on the snecimen becomes progressively less than that indicated 
by the calibration bars. Olsen's (11) nure torsion test 
Pmin/"max “1.0 indicates that as the ratio of Epin/Emax 
approaches negative unity the strain necessary to cause 
failure in the coating on the specimen becomes progressively 
greater than the strain indicated by the calibration bar, 

A positive tneoretical exnlanation for the behavior of 
Strescoat described above was not attained. However, a 
possible explanation has been developed, but it depends on 


the following two assumptions for validity: 
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(1) The stress in the coatine is @ue to the strain 

in the base material and hac no direct connection with 

the load on the snecimen,. 

(2) Stresscoat faile in tension according to the 

Maximum Stress Theory. 

Fhen Fmin/“max 18 positive the Poisson effect of Emin 
tends to shorten the coating in the E,,, direction. fach 
point in the coating is restrained by tne surroundins lacquer 
so a tensile strese is induced in the Eyg, direction. There- 
fore, less direct tension is required to produce failure than 
if the tension induced due to E,4, did not exist and the coate 
ine fails at a strain lower than that indicated by the cali- 
bration bar. When *nin/ "max is negative the Poisson effect 
of "nin tends to lenethen the coating in the tyexy direction 
and a compression stress is iniuced in tne laecauer in the 
Bmax Girection, For failure to occur in tne coat, an amount 
of tension sufficient to overcome the iniluced compression is 
necessary in addition to the normal direct tension reguired 
for coat failure if the induced compression were not nresent, 
consequently, the coat fails at a hicher value ot strain 
than indicated by the calibration bar. Soth Olsen (11) and 
Purelli (14) experienced difficulty in producing failure in 
the coatine, due to Poisson's effect only, in a direction 
nernoendicular to a compression load. Such behavior of the 
lacquer conforms to the above theory, 

Calibration 


According to thecry an element on the surface of a 
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specimen loaded with axial tension only and an element on 

the top of a loaded cantilever bea: are both subjected to 

the same pattern of two-dimensional strain, In the tension 
runs the ratio fn4n/"max was equal to Poisson's ratio as ex= 
pected; therefore, the disarreement between the actual strain 
causing failure and the strain indieated by the calibration 
bar was puzZzline. The actual strain required to cause fail- 
ure of the coating on the snecimen was ebout 15% zreater 

than that indicated by the calibration bar, 

A check was made to insure that tné calibration bar 
conformed to beam theory and Poisson's effect, and the ree 
sults were positive. Further thought has made annarent a 
possible exnlanation for the disasreement described above, 
The thickness of the coat on the calibretion bar is an apj- 
preciable fraction of the distance from the newtral axis to 
the outer surface of the bar, Consequently, the strain at 
the outer surface of the coating is frreater tnan the actual 
strain on the bar surface underneath, Since the calibration 
frame is graiuated in strain on tne bar surface and the cracks 
initiate on the outer surface of the coat, the strain initi-g 
ating the cracks is greater than that indicated by the cali- 
vration bar. %*hen a snvecimen is under axial load the strain 
throughout the coating is the same as that on the surface of 
the snvecimen, The assumption that the strain in the outer 
surface of the bar coating and the strain in the tensile 
soecimen were approximately the same accounts for the dis- 
erepancies observed. In contrast to the case of the cali- 


bration bar, during tensile runs the cracks were observed 
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to oririnate on the surface of the base material and tnen 
apreas outward throurh the coat. 

SMlsen's tensile investication strengtnens the theory 
presented above, The deviations he obtalned compare favore 
ably in magnitude and sien with those observed in this exe 
periment. Ke commented on the inaccuracy of calibration 
but did not attach any sirenificance to the fact that in each 
of his runs the eallibration bar indicated strains less than 
those actually present. 

The experience of Olsen and the authors suggest toat 
there is an inherent error in strains indicated by tne cal- 
{bration bar excent where the svecimen is loaied ina con- 
dition of bendine similar to that in the bar, This error is 
indenencent of that due to a particular condition of twoe 


dimensional strain in the s»vecimen, 


Curves 


In firures 1 and 2 the errore in strain and stress 
encountered when usine the calibration bar are »vlotted as 


functions of “nin/ max and curing the tensile 





run the twoelimensional strain Sys ems are tne same in the 
apecimen and the bar and the only error is the inherent 
error due to coat thickness which is always present waen 
usins the calibration bar, As far as strese is concerned 
thie error, occurring alone for the eondition of uniaxial 
stress, is the maximum error ever oresent, “vidently the er= 


ror broucht in @4ue to the difference in the twoedimensional 
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strain system in the snecimen and the bar and the inherent 
error tend to be compensating and reduce the total error 

in stress determination, When strain is the important 
consideration it is noted that the maximum error occurs at 
the extremities of the vossible E,,,/E,,., range. For strain 
determinations the noint where one error completely com- 
pensates for the other error occurs wher? Smyin/Smax has a 
value of about .25. The seriousness of these errors denends 
on the exnerimental error nrobable for the conditions of 


the test and the accuracy reguired, 


Effect of Existing Cracks on Failure in Another Direction 
When pressure runs were made after a tensile crack 
pattern nad been previously obtained the calibration bar in- 

dicated less strain than that actually required to cause 
failure on the snecimen, This occurrence, whicn is just ope 
posite to that observed for initial pressure runs, was not 
satisfactorily understood, The circumferential closely 
spaced cracks alreaty ovresent eliminate the axial restraint 
normally ovresent in an intact coating. This condition come 
bined with the possibility of a creen effect (the technique 
Claimed to eliminate creep by the menufacturer was always 
used) are the only apparent factors which may contribute to 
the oecullar behavior of the coating. 

An attempt to gain further insight into this problem 
was mace by exnerimenting with the flat celluloid plate, 


The results, indicating that cracks in one direction do not 
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influence cracking in the other perpendicular direction, 
did not increase the understanding of the situation. How- 
ever, cracks on the edges of the crack patterns on the 
plate were farther apart, shorter and less well developed 


than the cracks which extended over the whole specimen, 


Crazing 


The runs made svecifically to investigate the effect 
of crazing and those vressure and tensile runs where un- 
intentional crazing occurred prior to the run, both indi- 
cated that the presence of crazing substantially decreases 
the sensitivity of the coating as well as making the initial 
cracks difficult to see, (As the sensitivity of the coating 
increases it fails at a lower value of strain). The error 
induced probably varies directly with the intensity of craz- 
ing. The more sensitive coats were more susceptible to 
crazing. ‘The occurrence of crazing depended on the minimum 
temperature experienced prior to testing and also the rate 
of fall of the temperature. Even small changes in tem- 
nerature caused crazing if the change was swift enough, 
Decreases in temperature caused stresses in the coating due 
to different thermal coefficients of expansion in the Stress- 
coat and the material underneath, which are finally relieved 
by crazing of the coating. After crazing has occurred much 
of the restraint in the coating at a local voint due to the 
presence of the surrounding coating has’ been ‘eliminated, 


When crazing occurred on bars which alreaty contained a crack 
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Ooettern intense crazing occurred only on the uncracked 
portion and extended only from crack to crack, It ia of 
‘Pnterest to note that crazing decreased the sensitivity of 
s coat about 25% while the strain which produced failure in 
the oressure runs following a tensile run was 25% greater 
than the strain producing failure in an initial pvressure 
run. Temperature change craze should not be confused with 


drying craze which usually does not present a voroblem, 


Accuracy 


The effect of creeo is pronounced and should not be 
underestimated. <A slisht deviation was present between re- 
sultea obtained by loading the calibration bar in the same 
time as the specimen, and by usine the creep correction 
chart supplied by the manufacturer and loating the bar in 
ane second. However, this deviation was inconsistent in 
sign and orobably was due to normal exoerimental error, 

Most of the published material concerning the use of 
Streasscoat, exceot the manufacturer's detailed instructions, 
underestimate the difficulties whicn will be encountered in 
using Stresscoat when atmospheric contitions are not controle 
lable, 

A consideration of the accuracy with which a calibra- 
tion bar may be read indicates thet the maximum error likely 
is less than 10%, Olsen (11) found the same accuracy pos- 


sible in readine calibration bars, 
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Future Work 

It 1s desirable that the bernavior of Stresscsat be 
inveaticated for other conditions of biaxial stress in 
addition to those covered by this reoort.,. This additional 
information would confirm or disprove the shane of the curves 
of Firures 1 and 2 An attemvot to obtain failure of the 
coat at other ratios of Bnin/"max Was made but the uniform 
application of internal vressure and axial load simultane- 
ously, which is required due to the creen characteristics 
of tne coating, was imnossible with the exverimental set-up 
and the versonnel available. The nroduction of aoparatus 
to accomolish this should not be difficult. The use of a 
amall snecimen is recommended, 

The Poisson's ratio and the modulus of elasticity of 
Stresscoat itself are imynortant characteristics, the de- 
termination of which will allow further insient into the 
behavior of Stresscoat,. With controlled atmocnheric condl- 
tions it will be vossible to limit a series of runs to one 
erade of Stresscoat. If the Poisson's ratio and the modu- 
lus of elasticity for a particular grade of Stresscoat are 
known, torvether with the principal strains existing at 
failure over the possible rance of biaxial stress conditions, 
the actual stress in the coating at failure can be determined. 
The values of such stresses can be emnloved to ascertain 


the theory of failure which Stresscoat follows. 






: ee tsoaninide 30 yo tole’ “at yan OMeulaes at Ht 
O° nk ans aba 30 Seated otlse et Maal Th 
Lae 83 Lg ve wJaeew a fis ys Sererer encat ot ack /t Bem 
eevee Wis to baade Sn wretnett vo wifinns Alvew Aulenamoiel 
eur to ewlisi nlards of Sensizi'al WS tat Y sete 
wigtits! ant dud eile ear asa ¥ Se nundee Nelle ae SL 
~susiivals Leek Laten fae wyseetg Iaimstal W6 mobbaal hee 
So lyelretsatae® Apes wns od eu Betivney at how 
Wise LelowaltacKe ont 124" RieiescnEs. aaW yantieonyrets Yo 
SSEPETORNE 26 set ynute wm aT) . seltelionn Iepmanyer mtd. hee 
@ 8 shy BHT ncluniStah et ton bivosse, oti? attnanore og 
L ss SRINTRMOpeR aL anttorre Liam 
Oo Wiokteele to wadwbom nth fre ofiet w'noasial Bat. 
amb atl (SON Rei MoATaND Samticomt pre Alead! tenceseqae 
CONE Mae hr tawd weile (iI sotri~ lo aetuyi tamer 
~thens oheeiewemre ketLonenne ceth .céeoseend® Sa setvened 
“Mar 29 Srey Te ewierea » Ytol! of wititwene et Slim ft encde 
wwhew wit fine elome #adaRtoh 442 Ob ateenenend& lo chem 
(She TeeeneTIN Le eho, wiiimtsreg « ve) qhlotraate lo aud 
ie wulitive atierte [pctoniug ait Adtw tedden! rene 
SAAT wheeite Ltn he Fe mentee mLdtemor wy mare wel tad 
TS IeR et me ei te) 4e anitene WY Tt saerte Jeulse ot 
Rhagpenar cf ieyolome af Noe wesaerin cous %o seutan ent 
soveliol Jachmoeite nine wwLie® So reper! anh! 






























fe 





Summation 

The discussions presented huve been based on averages 
of several runs. Although the spread of results for each 
series of similar runs Wes quite wide, all tne results for 
each series of runs were of the snme sirn. After consid-= 
erine the unfavorable conditions under which the investiga- 
tions were made it is felt that the vonsistency of the 
resulte obtained, and the favorable comnarison nlth Ilsen's 
(11) work, have allowed the authors to oresent a reasonably 


accurate overall nicture, 
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GONCLUSIONS 


If results of theoretical value are to be obtained 

from experimenting with Stresscoat the exveriments 

must be conducted in a controlled atmosnhere, 

The presence of biaxial stresses in a specimen under 
investication and the consequent difference between 

the two-dimensional strain systems in the soécimen and 
the calibration bar cause tne strain indicated by the 
calibration bar to err from that strain causing failure 
in the Stresscoat on the specimen. The marnitude and 
Girection of this deviation varies, as the ratio of min-~ 
imum to maximum strain in the svecimen changes from the 
corresponding ratio in tne calibration Dar. 

When the specimen under investigation is loaced ina 
different manner than the calibration bar the strain 
indicated by the calibration bar is in error, 

ror stress determinations the two errors above are 
compensating and the total error is a maximum when the 
inherent calibration bar error is the only one present, 
For strain determinations the maximum positive and 
negative errors occur at. the extremities of the Ens),/Emax 
and Smin/ max ranges, Somewhere within the xt rentties 
there is & point of no é¢rror, 

Crazine affects the sensitivity of Stresscoat, The 
oresence of previously obtained crack pattern affects 
the sensitivity of the coating to crackine in another 


direction, 
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If further investigation in the field of strain in- 
dicating brittle lacquer is undertaken, facilities 
for exverimenting under controlled atmossheric con- 
aitions should be sunplied, 

Further investigation of the behavior of Stresscoat 
when subjected to biaxial stress should be made un- 
der controlled atmospheric conditions and for more 
ratios of Smin/Smaxe 

The Poisson's ratio and modulus of elasticity and 
then the theory of failure of Stressacoat should be 
determined, 

An investigation of the causes and affects of crazing 


on the behavior of Ctresscoat should be made, 
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The body of the specil#en wae a drawn seamless tupe, 
The outside diameter was 4% inches and the wall thickness 
was .140 inches, Tne material conformed with Navy iweci- 
fieattion B-A4—713, Sai, Ho, LOTT, 44-T-5450-10, The 
composition was ,.25) carbon, .70) Manganese, .O4) vanos- 
eherous, and ,OA£ sulphur. “he yield point was 35,000 
pei and the ultimate strenrtn was 60,000 pel. ‘ne length 
of the body was 30 inches, 

The endea were cachined from rough steel forgings, 
The inner extremities of tne exile were machined to fit 
snuely into the tube for a daiateance of two incnes, “ne 
auter extremitics were turned down ito two inehes in dia- 
meter and then drilled’ and tacoped with a 12 ineh, 7 
threaiea per inch tap. The end pieces were sewured to the 
body by both filiet and plue welds, 

Lach end of the svecimen was fitted sith a 6,000 
264 vaive, One end wes connected to the sump turoarh a 
portable section of high pressure copoer tubing by meane 
of two heavy duty unions. 
wtrain Cauges and Strein Indicator 

The Sh-4 atrain gauces were Sounded \esletance Cire 


type strain 7auges manufactured oy tae seld@in  sutework 
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Division, Baldwin Locomotive Yorke, ‘the soecific type 
gaure used was an 4-3, 13/16 inch rauge length, 120 onn, 
and with a caure facter of 2.05. YThe etrain readings 
were obtained by the uge of an SH=-4 “train Cauge Indicator, 
also manufactured by Baldwin, 
Testine Wachine 

The tensile loading machine that was used was a 
“iehle Tensile Testing Machine, No. 214, having a maxi- 
mum load capacity of 100,000 lbs. It was located in the 
Material Test Laboratory, Massachusetts Inetitute of 
Technolory. 
Hydraulic Pump 

The pump used was a 10,000 lb, canacity hydraulic 


pump, a tycve sometimes used as a jack, 


at 





pres ei ioses asl mee mebronerds atybtee yartotvet 
we ES shtpowt semen deel RAT tak nd new tenn opus 
wlan nlews ac -E0.5 De WMOML ERS 2 Arte hme) 
SHOTAET IAT Wer Laity Sonim We tae od yd Iintedgoenee 
— qth a o—! tritos wae conte 

lig atl ete 


<i 9D Seiurod eee at apyl 020,001 08, tékvanen teek aun 
20 het Lean Adi eputiowenes gcroreroael sact Jainelew 
» oo ams ow 8 tee 4 Creager 








Stuer WF PeLOBD 93h POOL 4 wan beau crue maT 
nll ae Dee Ret AnOR get ae jemi 
— ° : -— = " ro ese 
_ - — >_> = » 4s = 
= fl a _ _ > @ 
— ‘i. 
ie! a ° — 











experimental Arranrement 


\N 


8 





emanreter se jel! rae 
a 








A-PENDIY B 


SAM OLE CALCULATIONS 


Correction for Lateral Sensitivity of SR-4 Strain Guage 


The corrections for lateral sensitivity were made as out- 





lined in reference (15). SR-4 strain guages are calibrated 

for uniaxial stress along the axis, on steel having a Poisson's 
ratio, V, of .285. In any case involving two guages at right 
angles, if the conditions of strain under which the guages 

were calibrated are given, it is possible to find the true 


strains by the two simultaneous equations: 


Emo = ( ~ #5 NCS nay — K Cmun ) 


(=?) 


Evnm = (1- Vo k) Cmm — Kemax 


iF) 
Where symbols have meanings shown by Table of Symbols. 


Typical Pressure Run (No. 17) t = 225 seconds. 
Ca = (230+220)/2 2225 Ee 2(B504+ Q4O)/2 = BS 


Ee = A —(.2as\(.0a()|\ 225 ~(021)845) | a. 
(1 - (621)* ] 


ec = 1 —(zes(or)] gus (ori)ees) | = ¥35 — Ewa. 


(| - 02 *] 


Fae. = Emm E max = 2 CBS > 27 
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ByS = s\(OWB+OZB)= 5> BRS= <\(oss + 0€S) = 22 


sums gos = 1 (2P8(150)- 2s5][(150)(vas)- i) = 5 
” (1sd.)- (] 
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or Galibration bar loaded in 225 seconds. 


E =€420+420+ 860) /3 = 4Oo 
E-E. = %00 - 835= 6S 


“loD = (loo (es) (eas) = 1.1%, 


For @esaLlibration bar losfed in 1 second and crees corrected. 


E «(i000 + Gbo + 1000 )/3 = Gy 


Typical Tensile Run (Ho. 23) t2 70 secondes 


@,, > (655+620)/2 = 636 @. = -210 - 180) /2 = - 145 


E.~[1-(.285)(.020)|] 638 ~ (021 (14s) | eat J Gen. 
Ci- Co2i}*] 


— 20] = Emin 
[i- Coz | 


Ee /Eo. = Erin [Emax = - 2071/Ga] = —. B25 


For calibration bar loadea’ in 7O secorvic,. 
E=450 EC-Ea = ASO- 637 = —-I187 


1. D = (\oo)(~1e7 ) / (627) = — 24.4%. 


40 


bstiee 
tak? SO 


 ltotere eet nt Ones t Seb ad bereetiee Wn 





COP = &\(oa8 +OSP+oO8P) = 3 
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For calibration bar loafet im 1 eecont and ervey avrrectet, 
E = (580+ 430+ 5¢60)/3 = 523 


Yor the galibration bar case, 


Smax =Em(E+ ve) €@ =-295E <-vE 


({- v*) 


Smax = EE -v'e) _ Em (i-v-)E - EmE 
\-v> L-V> 


For the cylinder unfer interial cresseurs, 
Emin 2 .*SEmax Emax = G0SE 


Smax - Em (Emax +VEwie | 4 Em Emax + (24)(.25) Eman 


(\-y>) Gia 


a (1.0130)(EmEmax) _ (\.0138)(.405)EmE _ | ogg EmE 
Ata Ai 





o, Dez = (ooy\— 1.064) /( 1.064) = —6,.\*. 


The esleulations for the cages of pure torelien, axial lead, 
ané the sohere umer internal “reassure are aimiler ts these 
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Teat #17 
~ ate 


Time 


Wet Bulb 
Dry Bulb 
§Stresecoat Used 


*tresacoat Called Yor 





-_ > ee © « pe 


5 nec 1947 
1300 
50.5° F 
71° F 

£1204 
£1202 


Time of Loading Specimen 


Speciaen Temp. at time of eoat failure: 


Test 
6 bee 1947 
1000 
50° F 
66° F 
71204 
y1201 
225 sec 


70.5° F 





Internal Axial 
Pressure Load 
Lbs, _ 1 2 
0 0 420 250 
‘& ref & 
2100 0 650 1100 
#8 G4 
0 0 455 250 
#8 ee 
Calibration Har No, i 2 
Strain, Micro Inches 780 86750 
Time of Loading Bar, Secs, 1 i 


Sar Temperature, degrees fF 
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70.5 70.5 79.5 


4 5 6 
920 780 860 
225 Ll 225 
70.5 70.5 70.5 
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Date 6 Dec 1947 7 Rec 1947 


Time 1100 1000 
Wet Bulb 50° F 52° § 
ory Bulb 66° F 70,5° F 
#Streaseoat Used /1204 ¥1204 
#Stresscost Called For £1201 

Time of Loading JIvrecimen L20 se9¢ 


Svecimen Temp. at time of eoat failure: 69° F 


Internal Axial 
Pressure Load 





asi care Lbs, 1 2 3 4 
0 0 505 415 1185 340 
#8 ref wr "5 v7 
1925 0 750 1210 1370 1120 
(8 g #5 eT 
Calibration Bar No, 1 2 3 A 5 6 
Strain, wicre Inches 680 950 700 905 1010 800 


Time of Loading Bar, secs. 1 120 1 120 120 i 
Bar Temperature, derrees F 69 69 69 69 69 69 


ROmareis: 


Tt wae necessary to cool bars and specimen to obtain 
sensift-iwity of practical value, A marked variation of sen- 
sitivity with a small temoerature chenre in bars was noted, 
One bar soontaneously crazed at 64° F, This bar when bent 
gave an obviously inconsistent strain reading of 1260 micro 
inehes/inch, 
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Test #19 

Date 

Time 

Wet Pulb 

Sry Bulb 

fStresscoat Used 
#Streasecoat Called For 
Time of Loading cCpecinen 


Application Test 
& Dee 1947 9 Dec 1947 
1300 900 
54° ¢ 54° ¢ 
74° & 73.5° & 
11205 / 1206 
, L204 
40 sec, 


Specimen Temp. at time of coat failures 73,5° *& 


Internal Axial 
Pressure Load 
psi rage Lbs, 
6 0 
1200 Q 


Calibration Bar Bo, 


Strain, Yicro Inechee 


Time of Loading Gar, Sece, 
Bar Temperature, degreee F 74.5 73.75 73.5 73.75 73.75 73.5 





550 450 440 490 ASC 440 


1 * 1 4O 40) 


45 








test /20 Application Teet 
Date 9 Dee 1947 10 Dee 1947 
Time 13006 1300 

wet Bulb 54° ¢ 53° ¢ 
bry Bulb 7TA° 71.5° F 
*PGtresecoat Used 1205 J1205 
gStreascoat Called fer £1203 

Time of Loading Specimen 5O see, 


Specimen temo, at time of coat failure: 71,.5° F 





Tnternal &xieal 

Preseure Load 

psieace Lbes 1 2 3 4 

oO oO 250 1190 620 1100 

eB ref $2 55 @& 

2050* G ATS 1066 £40 L940 
48 64 #5 46 

Calibration 


Jer poe i 2 3 4 5 6 7 & 9 10 
train, 

4a Inches 700 700 860 900 670 78 730 810 790 905 
Time of Loade 

ine Dar, Secs. 1 1 1 50 «61 56 1 so 6 50 
Bar “omperature - 

derrees F 72.5 71.5 71.5°° 71.5 71.5 71.5 71.5 71.5 71.5 71.5 


Remarks: 


* This run was made after the specimen head been loaded 
in tengion to the desien strenrti of the specimen, but 
no circumferential cracks in sctreaccost were noted, 
The oStressceoat. wae sallowed to recover for a time in 
exeeasn of two times the time to load the specimen; 
before the internal pressure was anolied, 


*¢ Yar number 5 was a thicker coat than the best specimen 
ani Bar number 5S wes an exceedingly thin coat, 
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Tesat 22 Soplication 
Date 10 Sec 1947 


Time 1600 
ket Bulb 53° F 
Dry Bulb 71.5° F 
#8treascoat Used #1205 
#Stresscoat Called For #1202 


Time of Loading Jpecimaen 


Temp, of svecimen at time of coat fallure: 


Jest 
1l Dec 1947 
1300 
52° F 
70.75° #F 
#1205 


60 sec 


70.75° # 





internal Axial 
Pressure Lowd 
psi race LbBs_ 1 2 > 4 
0 0 240 180 590 80 
r& ref a) #5 ‘7 
2175* o 440 1990 E30 9&9 
is o4 45 v7 
Calibration Bar Ko, 1 2 3-A 0 0= 5B fei = 4aB 5 
Strain, Micro Inches 90 900 960 810 1010 800 #£«®800 
Tise of Loadine Bar, 
OCB.» 1 1 60 60 1 1 
Bar Temperature, | 
degrees F 79.75 70.75 71.5 71.5 71.5 71.5 71.5 


Hemarkss 


* This run was made after the specimen had been Llosded 
in tension to the desien strength of specimen dut 
no cracks were noted in the Stresscoat. The Siresse 
erat was allowed to recover for a time in excees of 
two times the time allowe? to losd the svecinen, 
before the internal preesure was aoplied, 
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Date ll bee 1947 12 dec 1947 
Time 1600 1500 

wet mlb 52° F 53° F 

bry 3ulb 70.5° F 71° ¥ 
(Stresseoat Used $1206 #1206 
#Stresecoat Called for £1202 

Time of Loading Soecimen (A) 45 see (8) 75 see 


Temp of Specimen at time of coat failure: 71,5° ¥ 


Internal ee 
Pressure 


asl rave ec. 





1 
0 0 260 
ve rer #5 7 
(A)* 1900 0 480 980 830 G70 
8 bh #5 iT 
(8) 1470 35000 935 660 1270 570 
#8 o& ¢5 if 
falibration Bar Ne, ah Did 
Strain, Micro Inches TH 730 
Time of Londing Bar, Sece,. 1 73 
Bar Temperature, decrees £ 71.5 71.5 


Remarks 


Longitudinal cracke (very apparent) aovceared with 
P, 3 1900 pelig. and Fy, 2 0 in test & Time of leowiing 45 sec. 
clrousferential cracks aoceared with loading F, 2 1470 els. 
and 2. 2 35000 ibs, as indicated, Time of Loafing 75 secs, 
Jotun the bare and the svecimer were beliy erased, however, 
the cracks from losding were readily a -carent on the s;ecimen, 
but vere alvost imeossible to sea on ine bare. 


* Thie run was mafe after the specimen sad >ee@s loaded in 


tension with no craeks aovearineg in Stresseoat, 's. was allowed 
to recover, 
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Test s23 tpplioation ieut 

Date 12 vec 1947 13 bec 1947 
Time 1500 1LGO00 

Wet Bulb $3° F 54° p 

Dry Bulb 71? F 70° ¥ 
#Utresscoat Used 41207 91207 
gatresscoat Called For #1202 

Time of Loading Specimen (A) 70 see (3) 25 see 


Temp of Specimen at time of coat failure: 7O.5°F (a) ® (8) 





Internal Axial 


0 Oo 315/08 ref 1260/73 680/95 1150/96 
(A) 0 36,580 970/48 1050/73 1300//5 970/96 

0 0 320/08 270/94 680/95 140/*7 
(3) 1475 0 465/98 860/44 630/85 745/07 
Calibration 


r Wo. 1A 18 2A $34 4A 4B 8 6 
—— 
kiero inches 870 580 450 450 700 560 520 500 
ime of Leading 


Jae SECM. 1 1 7O 41 76 #2 S 
jar “erperature, 


degrees F 74.5 70.5 70.5 70.5 70.5 70.5 70.5 70.5 





Remark es 


“99ecimen and bara were heated to anoroximately @0°F during 
the 4Aryine :e@ried and then allewed to aseume room temperature 
orior to the test, 


Teast (3) wae made after the crack pattern of part (a) nad 


been obtained. Suffilelent time for cree» recovery of tne coat 
was allowed between teste. 
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Test #24 

Date 

Time 

fet Sulb 

Dry Bulb 

#Stresscoat Used 
#Stresscoat Called for 


Time of Loading OSvecimen 





4foplication Test. 
LS Dee 1947 16 wc 1947 
1206 1G00 
54° 8% 36°r 
73°Pr 76°8 
£1206 #1208 
£1203 


Temp, of s»ecimen at time coat failed; 


Internal Axial 
Pressure Load 
pei _ sare LBS, i 

0 G 375/76 
(A) 0 36,000 1045/78 

0 0 380/26 
(R) 1625 0 sho/¥s 

0 0 425/48 
ee 

1 2A 


strain, 
Hiro 1 490 590 
of Petia 
i 


a6 65 
Bar Temperature, 
errees F 76 76 
Remarks: 


Bar (6 eas crazed, 


Test (8) was made after the crack pattern of Part 
Sufficient time for creep recovery of the coat 
Was allowed between teste, 


been obtained, 


(A) 65 see (B) 25 sec 
76°r 


strain Gage (aioro inenes) 


1330/#3 
1155/#3 
360/¢4 
970/474 
350/74 
= 3 
5350 600 
, @& 


76 76 


5 4 
725/#5 1200/26 
1360/85  1050/%6 
740/15 = 230/27 
685/95 B845//7 
720/95 195/%T 

4 5 6A" 65% 
540 590 699 520 

1 2 2 : 
7 76 7% 76 


(4) nad 
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Date 16 Rec 1947 17 Dec 1947 
rime 1300 1400 

Bet Bulb 580% 564°Rr 

Ory Bulb 16°F 75°r 
#Stresscoat Used J 1208 +1208 

Time of Losding Joecimen (4) 35 see (8) 28 see 


femp. of Specimen at time of coat fatilure; 76.5°F 


Internal AxLal Strain Case (micro inches) 
Pressure Load 
pei sare LdSs 1 2 3 4 
0 0 385/98 1L270/s3 705/85 1175/96 
(4) Oo 34,000 940/78 1095/43 1285/75 1010/76 
0 0 320/%8 290/44 695/%5 186/77 
(@) 1330 0 470/#8 810/44 650/%5 695/ #7 


Calibration 


Ser Xo, 1 2A 3 4 5a 58 6A £468 
Strain, 


-ASE2 inebes 530 580 500 540 530 620 540 540 
Mime of Loading 
i 


eee 1 35 LL 35 tL @ 
ar Tennersture, 


fesrees F 76.5 765.5 75 7% 7% TT 7 





a ® 


remarks? 


All of the bars were slirhtly erazed both from drying and 
from low temperature, It so happened that the craze markings 
were indiscriminate in direction so that strain cracks could be 
readily seen, There was no craze on the syecimen, 


Test (8) wee made after the crack pattern of “art (A) had 


been obtained, Sufficient time for ereen recovery of the coat 
Was Sllowed between tests, 
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Test #26 applicatior Test 

Date 17? Dec 1947 16 Dec 1947 
Time 1600 1300 

fet Sulb 56.5°FRr 58°F 

Dry Bulb 75°F 74° 
/Streascoat Used £1208 / 1208 

Time of Loading Jpecimen (A) 50 see (5) 35 sec 


Temp, of Specimen at time of coat failure: 75.5°Rr 


Internal Axial Strein Gage (micro ingnea) 
Pressure set . ; 4 

0 0 370/"8 1315/93 730/95 1210/96 
(A) O 37,000 1050//8 1130/#3 1400/%5 1050/6 

0 0 400/78 370/04 770/75 250/87 
(3) 1600 0 620//8 1010/94 940/95 890/ #7 
Calibration Bar No. 1 2 3 4 5 6 
Strain, Wiero Inches 580 600 600 585 600 646 


Time of Loading Sar, Sees, 1 So © 3 3 35 
Rar Temperature, degrees F 76.5 75.5 75.5 75.5 75.5 75.5 


Remarks: 
Bars badly crazed - Sveclmen nad very little craze, 
Teet (8) was amie after the crack sattern of part (A) 


had been obteined. Sufficient tise for cree» recovery of tne 
coat was allowed between tests, 
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Date 1@ Dec 1947 19 Dee 1947 
‘Time 1300 1500 

Wet Bulb 50°F s7*s 

Dry Bulb 74° T4°% 

#Stresscoat Used $1207 41207 

Time of Losding Specimen (A) 55 sec (3) 35 see 


Temp. of ‘necimen at time of coat failure: 74°F 





Internal Axial tra ape (al _in¢ 
Pressure Load 
gsi cage Lbs. 1 2 S 4 

0 0 365/48 1320/93 735/75 1200/16 
(A) O 35,200 1045/8 1150/73 1340/75 1030/96 

0 0 380/78 345/74 745/45 225/47 

(A) 1600 0 570/#8 LO00/F& 925/75  860/F7 
Calibration , 
Bar No, 1 2 3 4 S54 64 5B £68 
Strain, Vicro 
Inches 570 560 580 570 §50 540 56850 490 
Time of Loading 
Bar, becs, 1 5 55 35 ws 55 t 1 


Sar lemoerature, 
deerves FC TH OTH OTK OTK OTH OTH THT 
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Test £26 


Date 
Time 
¥et Bulb 
Dry Bulb 


*Stresaceat Used 


Calibration 


Strain, 


Bicro Inches 680 


Time of Loading Ser 
5ecB. 30 


Bar Tenoerature, de- 


erecs fF 72.5 


Remarks: 





£1205 (1205 


@ 2 4 5 ) ¢ § 9 LO 


620 630 78 620 850 700 630 620 6v0 


~» He Be BS FH eR tia 1 


72.5 72.5 72.5 72.5 7265 72.5 72.5 72.5 72.5 


Sure *4, 45, #6 were surposely crazed by expoeure to 
cool air and then were allowed to return to room 


temoerature, 


The averace Stresscoat taickness on each of the ten 
bare tested was between ,0065" and ,0075", 
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Thesis iii 


F/ Francis 

A study of the be- 
havior of the brittle 
lacquer commercially 
known as Stresscoat 
when subjected to bi- 
axial stress of 4 known 
intensity and config- 
uration. 


Francis - 


A study 

Y OF 7 

havior of ie, Bonen 
© 


— commercially 
oo as Stresscoat 
ee to bi- 
a stress Of a known 
Ensity and confi 
uration, 
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